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International Patent Application No. PCT/US2012/
041749 claims the benefit of U.S. Provisional Patent Appli-
cation No. 61/495,888 filed Jun. 10, 2011 and entitled
“INFRARED CAMERA CALIBRATION TECHNIQUES”
which 1s hereby incorporated by reference 1n its entirety.

This application 1s a continuation-in-part of International

Patent Application No. PCT/US2012/041739 filed Jun. 8,
2012 and entitled “INFRARED CAMERA SYSTEM
ARCHITECTURES” which 1s hereby incorporated by ret-
erence 1n 1ts entirety.

International Patent Application No. PCT/US2012/
041739 claims the benefit of U.S. Provisional Patent Appli-
cation No. 61/495,873 filed Jun. 10, 2011 and entitled
“INFRARED CAMERA PACKAGING SYSTEMS AND
METHODS” which 1s hereby incorporated by reference 1n
its entirety.

International Patent Application No. PCT/US2012/
041739 claims the benefit of U.S. Provisional Patent Appli-
cation No. 61/495,879 filed Jun. 10, 2011 and entitled
“INFRARED CAMERA SYSTEM ARCHITECTURES”
which 1s hereby incorporated by reference in 1ts entirety.

International Patent Application No. PCT/US2012/
041739 claims the benefit of U.S. Provisional Patent Appli-
cation No. 61/495&888 filed Jun. 10, 2011 and entitled
“INFRARED CAMERA CALIBRATION TECHNIQUES”

which 1s hereby incorporated by reference in 1ts entirety.

TECHNICAL FIELD

One or more embodiments of the imnvention relate gener-
ally to 1imaging devices and more particularly, for example,
to mnfrared imaging devices.

BACKGROUND

Existing infrared imaging devices, such as infrared cam-
eras, are often subject to environmental conditions which
may adversely allect their performance. For example, unde-
sired radiation may reduce thermographic accuracy and may
introduce low spatial frequency non-uniformities.

In particular, radiation received from outside a field of
view (e.g., outside a target scene desired to be 1maged) or
non-uniform heating (e.g., by external sources or compo-
nents of such devices) may significantly degrade the accu-
racy and uniformity of such devices. These eflects can
become especially significant for infrared imaging devices
implemented with small form factors.

SUMMARY

In accordance with various embodiments of the disclo-
sure, a housing for an infrared camera module may be
implemented with a substantially non-metal cover config-
ured to substantially or completely enclose various compo-
nents of an infrared 1maging device. A metal layer may be
disposed on various interior and/or exterior surfaces of the
cover. Such implementations may be used to reduce the
cllects of various environmental conditions which may
otherwise adversely aflect the performance of the infrared
imaging device. In addition, one or more conductive traces
(e.g., electrical connections) may be built imnto the housing
and/or on various surfaces of the housing to facilitate the
passing of signals from components of the infrared 1imaging
device such as infrared sensors, read out circuitry, a tem-
perature measurement component, and/or other components.
One or more fiducial markers may be provided to align
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various components of the infrared camera module during
manufacture. These and other features and advantages will

be further described herein.

In one embodiment, an apparatus includes a housing
adapted to at least substantially enclose an infrared sensor
assembly and comprising: a substantially non-metal cover;
and a metal layer disposed on a majority of interior and/or
exterior surfaces of the cover.

In another embodiment, a method includes providing a
substantially non-metal cover; metalizing a majority of
interior and/or exterior surfaces of the cover to provide a
metal layer; wherein the cover and the metal layer comprise
a housing; and wherein the housing 1s adapted to at least
substantially enclose an infrared sensor assembly

In another embodiment, a system includes an infrared
camera module comprising: an infrared sensor assembly
adapted to capture image Iframes; and a housing at least
substantially enclosing the infrared sensor assembly and
comprising: a substantially non-metal cover, and a metal
layer disposed on a majority of interior and/or exterior
surfaces of the cover.

In another embodiment, an apparatus includes a housing
comprising: a substantially non-metal cover; a metal layer
on a majority of interior and/or exterior surfaces of the
cover; wherein the housing 1s adapted to at least substan-
tially enclose an infrared sensor assembly; and wherein the
housing 1s adapted to engage with a socket of a mobile
personal electronic device.

In another embodiment, an apparatus includes a housing
implemented as a molded interconnect device (MID)
adapted to at least substantially enclose an infrared sensor
assembly, the housing comprising a conductive trace; and a
temperature measurement component mounted on an inte-
rior surface of the housing, electrically connected to the
conductive trace, and adapted to be used to determine a
temperature associated with the housing.

The scope of the invention 1s defined by the claims, which
are incorporated into this section by reference. A more
complete understanding of embodiments of the invention
will be afforded to those skilled 1in the art, as well as a
realization of additional advantages thereof, by a consider-
ation of the following detailed description of one or more
embodiments. Reference will be made to the appended
sheets of drawings that will first be described brietly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an infrared imaging module configured
to be implemented 1 a host device 1n accordance with an
embodiment of the disclosure.

FIG. 2 illustrates an assembled infrared imaging module
in accordance with an embodiment of the disclosure.

FI1G. 3 1llustrates an exploded view of an infrared imaging
module juxtaposed over a socket in accordance with an
embodiment of the disclosure.

FIG. 4 1llustrates an example implementation of an optical
clement that may be implemented 1n an infrared 1maging
module 1n accordance with an embodiment of the disclosure.

FIGS. 5A-E illustrate cross-sectional views of infrared
imaging modules implemented with several form factors 1n
accordance with various embodiments of the disclosure.

FIGS. S5F-P illustrate additional views of infrared imaging
modules implemented with several form factors in accor-
dance with various embodiments of the disclosure.

FIGS. 6-8 illustrate infrared imaging modules 1mple-
mented with several topologies 1n accordance with various
embodiments of the disclosure.
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FIGS. 9A-B illustrate an infrared imaging module
installed in a socket in accordance with various embodi-

ments of the disclosure.

FIG. 10A illustrates the infrared imaging module of FIG.
9A removed from the socket 1n accordance with an embodi-
ment of the disclosure.

FIG. 10B 1illustrates the infrared imaging module of FIG.
9A with a cover of a housing shown in semi-transparent
form to reveal a metal layer of the housing in accordance
with an embodiment of the disclosure.

FIG. 10C 1llustrates the infrared imaging module of FIG.
9A with the cover and the metal layer both shown 1n
semi-transparent form to reveal several components
enclosed by the housing in accordance with an embodiment
of the disclosure.

FIGS. 11A-B illustrate the infrared imaging module of
FIG. 9A with the housing removed in accordance with
various embodiments of the disclosure.

FIGS. 12A-D illustrate several views of an implementa-
tion of the housing of the infrared 1imaging module of FIG.
9A having an interior metal layer in accordance with various
embodiments of the disclosure.

FIG. 12E illustrates a cross section taken at line 12E-12E
of FIG. 12B 1n accordance with an embodiment of the
disclosure.

FIG. 13 illustrates a housing having interior and exterior
metal layers in accordance with an embodiment of the
disclosure.

FIGS. 14A-G illustrate several views of a housing having

an interior metal layer and external conductive traces 1n
accordance with various embodiments of the disclosure.

FIG. 14H 1llustrates a cross section taken at line 14H-14H
of FIG. 14G 1 accordance with an embodiment of the
disclosure.

FIG. 141 illustrates a cross section taken at line 141-141 of
FIG. 14G 1n accordance with an embodiment of the disclo-
sure.

FIG. 15 1illustrates an alignment technique used to
assemble an mirared 1maging module 1n accordance with an
embodiment of the disclosure.

FIGS. 16 A-C 1llustrate several views of a housing having
fiducial markers 1n accordance with various embodiments of
the disclosure.

FIG. 17 illustrates a shutter in accordance with an
embodiment of the disclosure.

FIG. 18 illustrates the shutter of FIG. 17 positioned for
assembly as part of infrared imaging module in accordance
with an embodiment of the disclosure.

FIGS. 19A-B illustrate various views of an infrared
imaging module with the shutter of FIG. 17 stalled and
shown 1n semi-transparent form to illustrate contacts of the
shutter engaged with pads on an external surface of a
housing 1n accordance with various embodiments of the
disclosure.

FIG. 20 illustrates a process for manufacturing an infrared
imaging module 1n accordance with an embodiment of the
disclosure.

Embodiments of the mvention and their advantages are
best understood by referring to the detailed description that
tollows. It should be appreciated that like reference numer-
als are used to i1dentify like elements illustrated 1n one or
more of the figures.

DETAILED DESCRIPTION

FIG. 1 1llustrates an infrared imaging module 100 (e.g., an
infrared camera or an infrared 1maging device) configured to
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be implemented 1n a host device 102 1n accordance with an
embodiment of the disclosure. Infrared imaging module 100
may be implemented, for one or more embodiments, with a
small form factor and 1n accordance with wafer level pack-
aging techmques along with other novel infrared camera
packaging technmiques as discussed herein.

In one embodiment, infrared imaging module 100 may be
configured to be implemented 1n a small portable host device
102, such as a mobile telephone, a tablet computing device,
a laptop computing device, a personal digital assistant, a
visible light camera, a music player, or any other appropnate
device. In this regard, infrared imaging module 100 may be
used to provide infrared 1imaging features to host device 102.
For example, infrared imaging module 100 may be config-
ured to capture, process, and/or otherwise manage inirared
images and provide such infrared images to host device 102
for use 1n any desired fashion (e.g., for further processing, to
store 1n memory, to display, to use by various applications
running on host device 102, to export to other devices, or
other uses).

In various embodiments, infrared 1maging module 100
may be configured to operate at low voltage levels and over
a wide temperature range. For example, 1n one embodiment,
infrared imaging module 100 may operate using a power
supply of approximately 2.4 volts, 2.5 volts, 2.8 volts, or
lower voltages, and operate over a temperature range of
approximately —20 degrees C. to approximately +60 degrees
C. (e.g., providing a suitable dynamic range and pertor-
mance over approximately 80 degrees C.). In one embodi-
ment, by operating infrared imaging module 100 at low
voltage levels, infrared imaging module 100 may experience
reduced amounts of self heating 1n comparison with other
types ol infrared imaging devices. As a result, infrared
imaging module 100 may be operated without requiring
significant additional measures to compensate for such self
heating.

As shown in FIG. 1, host device 102 may include a socket
104, a shutter 105, a processor 195, a memory 196, a display
197, and/or other components 198. Socket 104 may be
configured to receive infrared imaging module 100 as 1den-
tified by arrow 101. In this regard, FIG. 2 illustrates iirared
imaging module 100 assembled 1n socket 104 1n accordance
with an embodiment of the disclosure.

Processor 195 may be implemented as any appropnate
processing device (e.g., logic device, microcontroller, pro-
cessor, application specific integrated circuit (ASIC), or
other device) that may be used by host device 102 to execute
appropriate instructions, such as software instructions pro-
vided in memory 196. Display 197 may be used to display
captured and/or processed infrared images and/or other
images, data, and information. Other components 198 may
be used to implement any features of host device 102 as may
be desired for various applications (e.g., a visible light
camera or other components).

In various embodiments, infrared 1imaging module 100
and socket 104 may be implemented for mass production to
tacilitate high volume applications, such as for implemen-
tation 1n mobile telephones or other devices (e.g., requiring
small form factors). In one embodiment, the combination of
inirared imaging module 100 and socket 104 may exhibit
overall dimensions of approximately 8.5 mm by 8.5 mm by
5.9 mm while mfrared imaging module 100 is installed 1n
socket 104.

FIG. 3 illustrates an exploded view of infrared imaging
module 100 juxtaposed over socket 104 1n accordance with
an embodiment of the disclosure. Infrared 1imaging module

10

15

20

25

30

35

40

45

50

55

60

65

6

100 may include a lens barrel 110, a housing 120, an infrared
sensor assembly 128, a circuit board 170, a base 150, and a
processing module 160.

Lens barrel 110 may at least partially enclose an optical
clement 180 which 1s partially visible 1n FIG. 3 through an
aperture 112 in lens barrel 110. Lens barrel 100 may include
a substantially cylindrical extension 114 which may be used
to 1nterface lens barrel 100 with an aperture 122 in housing
120.

Infrared sensor assembly 128 may be implemented, for
example, with a cap 130 (e.g., a Iid) mounted on a substrate
140. Infrared sensor assembly 128 may include a plurality of
inirared sensors 132 (e.g., infrared detectors) implemented
in an array or other fashion on substrate 140 and covered by
cap 130 (e.g., shown 1in FIGS. 5A-K, SM-P, and 8). For
example, 1n one embodiment, infrared sensor assembly 128
may be implemented as a focal plane array (FPA). Such a
focal plane array may be implemented, for example, as a
vacuum package assembly (e.g., sealed by cap 130 and
substrate 140). In one embodiment, infrared sensor assembly
128 may be implemented as a waler level package (e.g.,
inirared sensor assembly 128 may be singulated from a set
of vacuum package assemblies provided on a water). In one
embodiment, infrared sensor assembly 128 may be 1mple-
mented to operate using a power supply of approximately
2.4 volts, 2.5 volts, 2.8 volts, or similar voltages. In various
embodiments, infrared sensor assembly 128 may be imple-
mented with infrared sensors 132 and any other components
as desired.

Infrared sensors 132 may be configured to detect infrared
radiation (e.g., inirared energy) from a target scene includ-
ing, for example, mid wave inifrared wave bands (MWIR),
long wave infrared wave bands (LWIR), and/or other ther-
mal 1imaging bands as may be desired 1n particular imple-
mentations. In one embodiment, infrared sensor assembly
128 may be provided 1n accordance with wafer level pack-
aging techniques.

Infrared sensors 132 may be implemented, for example,
as microbolometers or other types of thermal 1maging infra-
red sensors arranged 1n any desired array pattern to provide
a plurality of pixels. In one embodiment, infrared sensors
132 may be implemented as vanadium oxide (VOX) detec-
tors with a 17 um pixel pitch. In various embodiments,
arrays ol approximately 32 by 32 infrared sensors 132,
approximately 64 by 64 infrared sensors 132, approximately
80 by 64 infrared sensors 132, or other array sizes may be
used.

Substrate 140 may include various circuitry including, for
example, a read out integrated circuit (ROIC) with dimen-
sions less than approximately 5.5 mm by 5.5 mm 1in one
embodiment. Substrate 140 may also include bond pads 142
that may be used to contact complementary connections
positioned on inside surfaces of housing 120 when infrared
imaging module 100 1s assembled as shown in FIGS. 5A, 53,
and 5C. In one embodiment, the ROIC may be implemented
with low-dropout regulators (LDO) to perform voltage regu-
lation to reduce power supply noise mtroduced to infrared
sensor assembly 128 and thus provide an improved power
supply rejection ratio (PSRR). Moreover, by implementing
the LDO with the ROIC (e.g., within a wafer level package),
less die area may be consumed and fewer discrete die (or
chips) are needed.

Infrared sensor assembly 128 may capture images (e.g.,
image irames) and provide such images from 1ts ROIC at
various rates. Processing module 160 may be used to per-
form appropriate processing of captured inirared images and
may be implemented in accordance with any approprate
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architecture. In one embodiment, processing module 160
may be implemented as an ASIC. In this regard, such an
ASIC may be configured to perform 1mage processing with
high performance and/or high efliciency. In another embodi-
ment, processing module 160 may be implemented with a
general purpose central processing unit (CPU) which may be
configured to execute appropriate software instructions to
perform 1mage processing, coordinate and perform image
processing with various image processing blocks, coordinate
interfacing between processing module 160 and host device
102, and/or other operations. In yet another embodiment,
processing module 160 may be implemented with a field
programmable gate array (FPGA). Processing module 160
may be implemented with other types of processing and/or
logic circuits 1n other embodiments as would be understood
by one skilled 1n the art.

In these and other embodiments, processing module 160
may also be implemented with other components where
appropriate, such as, volatile memory, non-volatile memory,
and/or one or more nterfaces (e.g., infrared detector inter-
taces, inter-integrated circuit (12C) interfaces, mobile mndus-
try processor interfaces (MIPI), joint test action group
(JTAG) interfaces (e.g., IEEE 1149.1 standard test access
port and boundary-scan architecture), and/or other inter-
faces).

When infrared imaging module 100 1s assembled, housing,
120 may substantially enclose inirared sensor assembly 128,
base 150, and processing module 160. Housing 120 may
facilitate connection of various components of infrared
imaging module 100. For example, in one embodiment,
housing 120 may provide electrical connections 126 to
connect various components as further described.

Electrical connections 126 (e.g., conductive electrical
paths, conductive traces, or other types of connections) may
be electrically connected with bond pads 142 when infrared
imaging module 100 1s assembled. In various embodiments,
clectrical connections 126 may be embedded in housing
120, provided on inside surfaces of housing 120, and/or
otherwise provided by housing 120. Electrical connections
126 may terminate 1n connections 124 protruding from the
bottom surface of housing 120 as shown in FIG. 3. Con-
nections 124 may connect with circuit board 170 when
infrared 1maging module 100 1s assembled (e.g., housing
120 may rest atop circuit board 170 as shown 1n FIGS. SA-C
and FIGS. 5F-I). Processing module 160 may be electrically
connected with circuit board 170 through appropriate elec-
trical connections. As a result, infrared sensor assembly 128
may be electrically connected with processing module 160
through, for example, conductive electrical paths provided
by: bond pads 142, complementary connections on inside
surtaces of housing 120, electrical connections 126 of hous-
ing 120, connections 124, and circuit board 170. Advanta-
geously, such an arrangement may be implemented without
requiring wire bonds to be provided between infrared sensor
assembly 128 and processing module 160.

In various embodiments, electrical connections 126 1n
housing 120 may be made from any desired material (e.g.,
copper or any other appropriate conductive material). In one
embodiment, electrical connections 126 may aid 1n dissi-
pating heat from infrared imaging module 100.

Substrate 140 of infrared sensor assembly 128 may be
mounted on base 150. In various embodiments, base 150
(c.g., a pedestal) may be made, for example, of copper
formed by metal mnjection molding (MIM) and provided
with a black oxide or mickel-coated finish. In various
embodiments, base 150 may be made of any desired mate-
rial, such as for example zinc, aluminum, or magnesium, as

10

15

20

25

30

35

40

45

50

55

60

65

8

desired for a given application and may be formed by any
desired applicable process, such as for example aluminum
casting, MIM, or zinc rapid casting, as may be desired for
particular applications. In various embodiments, base 150
may be implemented to provide structural support, various
circuit paths, thermal heat sink properties, and other features
where appropriate. In one embodiment, base 150 may be a
multi-layer structure implemented at least in part using
ceramic material.

In various embodiments, circuit board 170 may receive
housing 120 and thus may physically support the various
components of infrared imaging module 100. In various
embodiments, circuit board 170 may be implemented as a
printed circuit board (e.g., an FR4 circuit board or other
types of circuit boards), a rigid or flexible interconnect (e.g.,
tape or other type of interconnects), a tlexible circuit sub-
strate, a flexible plastic substrate, or other appropriate struc-
tures. In various embodiments, base 150 may be 1mple-
mented with the various features and attributes described for
circuit board 170, and vice versa.

Socket 104 may include a cavity 106 configured to
receive inifrared imaging module 100 (e.g., as shown in the
assembled view of FIG. 2). Infrared imaging module 100
and/or socket 104 may include appropriate tabs, arms, pins,
fasteners, or any other appropriate engagement members
which may be used to secure infrared imaging module 100
to or within socket 104 using friction, tension, adhesion,
and/or any other appropriate manner. For example, as shown
in FIGS. 2-3, 5A-F, 5H, 51, 5L-M, and 50-P, socket 104 may
include engagement members 107 that may engage surfaces
109 of housing 120 when infrared imaging module 100 1s
iserted into a cavity 106 of socket 104. Other types of
engagement members may be used in other embodiments.

Infrared imaging module 100 may be electrically con-
nected with socket 104 through appropriate electrical con-
nections (e.g., contacts, pins, wires, or any other approprate
connections). For example, as shown 1 FIGS. 3 and SA-P,
socket 104 may include electrical connections 108 which
may contact corresponding electrical connections of infrared
imaging module 100 (e.g., mnterconnect pads, contacts, or
other electrical connections on side or bottom surfaces of
circuit board 170, bond pads 142 or other electrical connec-
tions on base 150, or other connections). Electrical connec-
tions 108 may be made from any desired material (e.g.,
copper or any other appropriate conductive material). In one
embodiment, electrical connections 108 may be mechani-
cally biased to press against electrical connections of 1nfra-
red imaging module 100 when infrared imaging module 100
1s 1nserted 1into cavity 106 of socket 104. In one embodiment,
clectrical connections 108 may at least partially secure
inirared imaging module 100 1n socket 104. Other types of
clectrical connections may be used in other embodiments.

Socket 104 may be electrically connected with host
device 102 through similar types of electrical connections.
For example, in one embodiment, host device 102 may
include electrical connections (e.g., soldered connections,
snap-in connections, or other connections) that connect with
clectrical connections 108 passing through apertures 190 as
shown 1n FIGS. 2-3 and SA-P. In various embodiments, such
clectrical connections may be made to the sides and/or
bottom of socket 104.

Various components of infrared imaging module 100 may
be implemented with flip chip technology which may be
used to mount components directly to circuit boards without
the additional clearances typically needed for wire bond
connections. Flip chip connections may be used, as an
example, to reduce the overall size of infrared imaging
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module 100 for use in compact small form factor applica-
tions. For example, 1n one embodiment, processing module

160 may be mounted to circuit board 170 using flip chip
connections. For example, in FIGS. 5A-C, 5F-1, and 5L
(further described herein), infrared imaging module 100
may be implemented with such flip chip configurations.

In various embodiments, mfrared 1maging module 100
and/or associated components may be implemented 1n
accordance with various techniques (e.g., water level pack-
aging techniques) as set forth 1n U.S. patent application Ser.
No. 12/844,124 filed Jul. 27, 2010, and U.S. Provisional
Patent Application No. 61/469,651 filed Mar. 30, 2011,
which are incorporated herein by reference in their entirety.
Furthermore, 1n accordance with one or more embodiments,
infrared imaging module 100 and/or associated components
may be implemented, calibrated, tested, and/or used in

accordance with various techniques, such as for example as
set forth 1n U.S. Pat. No. 7,470,902 1ssued Dec. 30, 2008,

U.S. Pat. No. 6,028,309 1ssued Feb. 22, 2000, U.S. Pat. No.
6,812,465 1ssued Nov. 2, 2004, U.S. Pat. No. 7,034,301
issued Apr. 25, 2006, U.S. Pat. No. 7,679,048 1ssued Mar.
16,2010, U.S. Pat. No. 7,470,904 1ssued Dec. 30, 2008, U.S.
patent application Ser. No. 12/202,880 filed Sep. 2, 2008,
and U.S. patent application Ser. No. 12/202,896 filed Sep. 2,
2008, which are incorporated herein by reference in their
entirety.

FIG. 4 illustrates an example implementation of optical
clement 180 that may be implemented 1n infrared 1maging
module 100 i1n accordance with an embodiment of the
disclosure. In one embodiment, optical element 180 may be
implemented as a silicon etched water level single element
optic 1n accordance with various dimensions shown in FIG.
4.

As also shown 1n FIG. 4, optical element 180 may be
implemented substantially as a cube, but with two slightly
convex laces on faces providing apertures. For example,
optical element 180 may include a physical aperture 182 and
a smaller clear aperture 184. Optical element 180 allows
through the desired infrared wavelengths to infrared sensor
assembly 128.

In one embodiment, optical element 180 may be a single
ctched water level optical element made of silicon with the
tollowing specifications: image plane of 0.54 mm by 0.54
mm (e.g., when implemented for an infrared sensor assem-
bly 128 having a 32 by 32 array of infrared sensors 132 with
17 um pixel pitch); horizontal field of view (FoV) of
approximately 353.7 degrees; F/# approximately equal to
0.91; modulated transfer function (MTF) of approximately
0.46 at 29 cy/mm; an anfi-reflective coating with less than
approximately two percent loss per surface; and focused at
infinity.

In some embodiments, optical element 180 may be inte-
grated as part of a water level package that includes infrared
sensor assembly 128. For example, optical element 180 may
be implemented as part of cap 130, stacked on various
components of infrared sensor assembly 128 (e.g., with
appropriate spacers provided therebetween), or otherwise
integrated with various components of infrared sensor
assembly 128.

Referring again to FIG. 1, in various embodiments, host
device 102 may include shutter 105. In this regard, shutter
105 may be selectively positioned over socket 104 (e.g., as
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identified by arrows 103) while ifrared imaging module
100 1s installed therein. In this regard, shutter 105 may be
used, for example, to protect infrared imaging module 100
when not in use. Shutter 105 may also be used as a
temperature reference as part of a calibration process (e.g.,
a non-uniformity correction (NUC) process or other cali-
bration processes) for inifrared imaging module 100 as
would be understood by one skilled 1n the art.

In various embodiments, shutter 105 may be made from
various materials such as, for example, polymers, glass, or
other matenals. In various embodiments, shutter 105 may
include one or more coatings to selectively filter electro-
magnetic radiation and/or adjust various optical properties
of shutter 105 (e.g., a uniform blackbody coating or a
reflective gold coating).

In another embodiment, shutter 105 may be fixed 1n place
to protect infrared 1imaging module 100 at all times. In this
case, shutter 105 or a portion of shutter 105 may be made
from appropriate materials (e.g., polymers) that do not
substantially filter desired infrared wavelengths. In another
embodiment, a shutter may be implemented as part of
inirared imaging module 100 (e.g., within or as part of a lens
barrel or other components of inirared imaging module
100), as would be understood by one skilled in the art.
Alternatively, 1n another embodiment, a shutter (e.g., shutter
105 or other type of external or internal shutter) need not be
provided, but rather a NUC process or other type of cali-
bration may be performed using shutterless techniques.

FIGS. 5A-E illustrate cross-sectional views of infrared
imaging modules 100 implemented with several form fac-
tors 1n accordance with various embodiments of the disclo-
sure. In particular, each of FIGS. SA-E shows a cross-
sectional view of an infrared imaging module 100 while
installed 1n a corresponding socket 104, and another cross-
sectional view of the same infrared imaging module 100 but
separated from 1ts corresponding socket 104.

It will be appreciated that FIGS. 5A-E show a variety of
physical implementations of various components 1dentified
in FIGS. 1-4. For example, FIG. 5A shows a physical
implementation of infrared imaging module 100 and socket
104 corresponding to the embodiments 1llustrated 1n FIGS.
2-3, while FIGS. 5B-E show other examples of physical
implementations.

It will also be appreciated that, in FIGS. SA-C, electrical
connections 126 may be provided i housing 120 as dis-
cussed to infrared sensor assembly 128 and circuit board
170. In contrast, in FIGS. 5D-E, wire bonds 143 and 145
may be used to connect inirared sensor assembly 128 to
processing module 160. In one embodiment, wire bonds 143
and 145 may pass through base 150. In another embodiment,
wire bonds 143 and 145 may connect to circuitry 1n base 150
without passing through base 150. In yet another embodi-
ment, wire bonds 143 and 145 may connect to electrical
connections 147 to provide electrical connections between
various portions of inirared imaging module 100 to socket
104 and/or host device 102.

In some embodiments, sockets 104 shown 1n FIGS. SA-F
may be implemented as mobile telephone camera sockets
available from, for example, Molex® Incorporated of Lisle,
I1I. 1n accordance with various part numbers i1dentified 1n

Table 1 below. Table 1 further i1dentifies various example
aspects of sockets 104 shown in FIGS. SA-E.
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TABLE 1
Internal Overall Camera Sub
Socket Package Assembly
Size Dimensions Dimensions Sensor Window Frame
L xW Socket Part LxWxH LxWxH Size Size Thickness
(mm) Type Number Frame Board (mm) (mm) (mm) (mm) (mm)
FIG. 5A 8.50 x 8.50 Side SD-47337-001  LDS-MID PCB 10.60 x 10.60 x 5.90 8.50 x 8.50 x 5.65 6.5 x 7.54.0 x 4.0 0.300
Contact
FIG. 5B 6.50 x 6.50 Side SD-47586-001  LDS-MID PCB 8.60 x 8.60 x 590 6.50 x 6.50 x 5.655.0x 5.53.0x 3.00.100 — 0.250
Contact
FIG. 5C 6.50 x 6.50 Bottom  SD-78499-001 LDS-MID PCB 8.00 x 8.00 x 5.80 6.50 x 6.50 x 5.554.8 x 5.7 3.0x 3.00.100 — 0.250
Contact
FIG. 5D 6.50 x 6.50 Side SD-47586-001 LCP Ceramic 8.60 x .60 x 5.00 6.50 x 6.50 x 47544 x 5.3 3.0 x 3.0 0.250
Contact
FIG. 5E 8.50 x 8.50 Side SD-47337-001 LCP Ceramic 10.60 x 10.60 x 5.00 8.50 x 850 x 47555 %x 554.0x4.0 0.400
Contact

FIGS. S5F-P illustrate additional views of infrared imaging
module 100 implemented with several form factors 1n accor-
dance with various embodiments of the disclosure. For
example, FIG. SF illustrates an embodiment of infrared
imaging module 100 similar to FIG. 5A. In FIG. 5F, elec-
trical connections 126 are shown on an inside surface of
housing 120. In addition, electrical connections 108 are
depicted 1n a contrasting color for further clanty. Also,
clectrical connections 147 are shown on side surfaces of
circuit board 170 which may connect to electrical connec-
tions 108.

FIG. 5G 1illustrates an embodiment of infrared imaging
module 100 similar to FIG. 5A with electrical connections
108 depicted 1n a contrasting color for further clarity on a
bottom surface of socket 104 which may be used to interface
with appropriate connections of host device 102.

FIG. 5H illustrates an embodiment of infrared imaging
module 100 similar to FIG. 5C. In FIG. 5H, electrical
connections 126 are shown on an inside surface of housing
120. In addition, electrical connections 108 are depicted 1n
a contrasting color for further clarity.

FIG. 51 illustrates an embodiment of infrared imaging
module 100 that provides another view of the embodiment
shown 1n FIG. SH. In FIG. 51, contacts 172 are shown on a
bottom surface of circuit board 170 which may contact
clectrical connections 108 when infrared 1maging module
100 1s mserted into socket 104. Accordingly, 1t will be
appreciated that the various components of infrared 1maging
module 100 may be electrically connected to host device
102 through contacts 172 and electrical connections 108.

FIG. 5] illustrates an embodiment of inirared imaging
module 100 similar to FIG. 5D and with socket 104 similar
to that 1llustrated 1n FIG. SE. In FIG. 5], electrical connec-
tions 108 are depicted in a contrasting color for further
clanity. Also, electrical connections 147 are shown on side
surfaces of circuit board 170 which may connect to electrical
connections 108.

FIG. 5K illustrates an embodiment of infrared imaging
module 100 that provides another view of the embodiment
shown 1n FIG. 5J. In FIG. 5K, electrical connections 147 are
turther shown on bottom surfaces of circuit board 170 which
may connect with appropriate electrical connections 108.

FIG. 5L illustrates several embodiments of infrared imag-
ing module 100 1n exploded views. For example, in FIG. 5L,
clectrical connections 126 are shown on an inside surface of
housing 120. Also, electrical connections 147 are shown on
side surfaces of circuit board 170 which may connect to
electrical connections 108. In addition, electrical connec-
tions 108 are depicted in a contrasting color for further
clarity 1nside socket and also on a bottom surface of socket
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104 which may be used to interface with infrared imaging
module 100 and host device 102.

FIG. 5M 1llustrates an embodiment of infrared imaging
module 100 implemented with various components of inira-
red sensor assembly 128 (e.g., cap 130 and substrate 140)
having a substantially uniform width. In one embodiment,
such an implementation may permit the various components
of infrared sensor assembly 128 to be singulated together
during manufacture. In FIG. 5M, substrate 140 may be
implemented with a split (e.g., multi-layer) implementation
with the ROIC provided on one or both layers and connected
to other circuitry of substrate 140 through the layers (e.g.,
through appropnate silicon vias or other connections). As
also shown 1 FIG. SM, substrate 140 may be connected to
base 150 through solder balls 144 (e.g., to implement flip
chip mounting), and processing module 160 may be con-
nected to base 150 through wire bonds 145. FIG. SN
illustrates an embodiment of infrared imaging module 100
that provides another view of the embodiment shown 1 FIG.
SM.

FIG. 350 illustrates an embodiment of infrared imaging
module 100 with infrared sensor assembly 128 implemented
in a similar fashion as FIGS. SM-N. In FIG. 50, processing
module 160 may be itegrated as part of substrate 140.

FIG. 5P illustrates an embodiment of infrared imaging
module 100 that provides another view of the embodiment
shown 1 FIG. 50. FIG. 5P further illustrates electrical
connections 108 on a bottom surface of socket 104.

Additional implementations of infrared imaging modules
100 are also contemplated. For example, FIGS. 6-8 1llustrate
infrared 1maging modules 100 implemented with several
topologies 1n accordance with various embodiments of the
disclosure.

For example, FIG. 6 illustrates infrared imaging module
100 after encapsulation. FIG. 7 illustrates infrared imaging
module 100 with processing module 160 mounted on circuit
board 170 and external to housing 120 to provide a lower
overall profile for imaging module 100.

FIG. 8 illustrates infrared imaging module 100 of FIG. 7
with housing 120 shown transparent for purposes of 1llus-
trating examples of cap 130, an array of infrared sensors
132, and wire bonds 143. As shown i1n FIG. 8, various
components of inirared sensor assembly 128 may be con-
nected to circuit board 170 through wire bonds 143.

In accordance with additional embodiments of the disclo-
sure, housing 120 may be implemented with a substantially
non-metal cover configured to substantially or completely
enclose various components of infrared imaging module
100. One or more metal layers may be disposed on various
interior and/or exterior surfaces of the cover (e.g., a plurality,
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a majority, substantially all, or all of such surfaces). Such
implementations may be used to reduce the eflects of various
environmental conditions which may otherwise adversely
allect the performance of infrared imaging module 100. In
addition, one or more conductive traces (e.g., electrical
connections) may be built into housing 120 and/or on
surfaces of housing 120 to facilitate the passing of signals
from components of the mnfrared imaging device such as
infrared sensor assembly 128, a temperature measurement
component, and/or other components. Various {iducial
markers may be provided on exterior and/or interior surfaces
of the housing. Such fiducial markers may be used, for
example, to align various components during manufacture
of infrared 1maging module 100. These and other features
and advantages will be further described herein.

FIGS. 9A and 9B illustrate top perspective and bottom
perspective views, respectively, of infrared imaging module
100 1installed 1n socket 104 1 accordance with various
embodiments of the disclosure. As previously described and
turther shown 1n FIG. 9A, infrared imaging module 100 may
include an implementation of housing 120 (denoted 120A)
and lens barrel 110 having aperture 112. As also previously
described and further shown in FIG. 9B, socket 104 may
include electrical connections 108 which may contact cor-
responding electrical connections of infrared imaging mod-
ule 100.

FIG. 10A 1llustrates infrared imaging module 100
removed from socket 104 1n accordance with an embodi-
ment of the disclosure. As previously described and further
shown 1 FIG. 10A, infrared imaging module 100 may
include base 150 with electrical connections 147 to connect

various portions of infrared imaging module 100 to socket
104 and/or host device 102.

In FIG. 10A, housing 120A 1s shown having a substan-
tially non-metal cover 910A with exposed exterior surfaces.
In this illustrated embodiment, exterior surfaces of housing
120A are not covered by metal layers. FIG. 10B 1llustrates
infrared imaging module 100 with cover 910A of housing
120A shown 1n semi-transparent form to reveal a metal layer
920A (e.g., a metalized surface) of housing 120A 1n accor-
dance with an embodiment of the disclosure. In this 1llus-
trated embodiment, metal layer 920A 1s disposed on sub-
stantially all interior surfaces of cover 910A.

FIG. 10C 1illustrates infrared imaging module 100 with
cover 910A and metal layer 920A both shown in semi-
transparent form to reveal several components enclosed by
housing 120A 1 accordance with an embodiment of the
disclosure. In this regard, when inirared imaging module
100 1s assembled, housing 120A may substantially enclose
various components. For example, as shown 1 FIG. 10C,
housing 120A may substantially enclose inirared sensor
assembly 128 which may be implemented, for example, with
a focal plane array 1n a vacuum package assembly sealed by
cap 130 and substrate 140.

Although housing 120A and other housings 120B-D
described herein are illustrated as having generally square or
rectangular shapes, any desired shape may be used for
housings 120A-D to at least partially or completely enclose
one or more desired components of infrared imaging module
100. In addition, although housing 120A 1s illustrated as
mounted on base 150, other mounting configurations are
also contemplated for any of housings 120A-D. Any desired
set of components may be substantially or completely
enclosed by housings 120A-D 1n various embodiments to
seal such components from external environments.

FIGS. 11 A-B illustrate infrared imaging module 100 with
housing 120A removed 1n accordance with various embodi-
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ments of the disclosure. For example, in FIG. 11A, cap 130
and substrate 140 of infrared sensor assembly 128 are shown
mounted on base 150 with a thermal spreader 1102 (e.g.,

copper or graphite 1n some embodiments) therebetween.
Also 1n FIG. 11 A, wire bond contacts 1104 and 1106 are
shown on substrate 140 and base 150, respectively, to

receive wire bonds 143 (not shown 1n FIG. 11A).
In FIG. 11B, processing module 160 1s illustrated as being,
mounted on an underside of base 150. For example, 1n some

embodiments, processing module 160 may be connected to
substrate 140 through wire bonds 143 and 145 (not shown 1n
FIG. 11B) as previously described.

FIGS. 12A-D 1illustrate several views of housing 120A,
and FIG. 12E 1illustrates a cross section taken at line 12E-
12E of FIG. 12B, 1n accordance with various embodiments
of the disclosure. Housing 120A may include a threaded
aperture 122 A configured to receive lens barrel 110. Hous-
ing 120A may also include a cover 910A and one or more
metal layers. Cover 910A may be a substantially non-metal
cover implemented with material having relatively low
thermal conductivity and relatively high emissivity (e.g.,
emissivity 1n a range of approximately 0.8 to approximately
0.95 1n some embodiments). For example, cover 910A may
be comprised substantially of plastic and/or other appropri-
ate matenial.

One or more metal layers 920A may be disposed on
various 1interior and/or exterior (e.g., inside and/or outside)
surfaces of cover 910A (e.g., a plurality, a majority, sub-
stantially all, or all of such surfaces). For example, in one
embodiment, metal layer 920 A may be disposed on various
interior surfaces of cover 910A facing infrared sensor
assembly 128 1n the manner shown i FIGS. 12A-D. In
another embodiment, metal layer 920A may be disposed on
various exterior surfaces of cover 910A that face external
components or external environments. In some embodi-
ments, cover 910A may undergo a metalization process in
which various metal layers are deposited and/or otherwise
provided on cover 910A.

Combinations of interior and exterior metal layers 920A
may be used. For example, in FIG. 13, another implemen-
tation of housing 120 (denoted 120B) i1s shown with two
metal layers 920B provided on interior and exterior surfaces
ol a substantially non-metal cover 910B, and with conduc-
tive traces 930B provided therein 1 the manner of conduc-
tive traces 930A (further described herein).

As shown 1 FIGS. 12A-E, housing 120A may include
various conductive traces 930A that are electrically 1solated
from metal layer 920A. In various embodiments, conductive
traces 930A may be provided on one or more interior
surfaces, one or more exterior surfaces, and/or in walls of
cover 910A. In various embodiments, conductive traces
930A may be used to provide electrical connections between
various components within an interior cavity 912A enclosed
by housing 120A (e.g., the space occupied by infrared sensor
assembly 128 and/or other components) and/or from various
components within cavity 912A to an exterior of housing
120A. In one embodiment, insulating material (e.g., having
low electrical conductivity) may be provided 1n areas 940A
between conductive traces 930A and metal layer 920A. In
another embodiment, conductive traces 930A may be sub-
stantially surrounded by insulating material. In yet another
embodiment, voids (e.g., empty spaces) may be introduced
between conductive traces 930A and metal layer 920A such
that the substantially non-conductive cover 910A 1s exposed
and eflectively insulates conductive traces 930A from metal

layer 920A.
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In various embodiments, metal layer 920A may be imple-
mented with material having relatively high thermal con-
ductivity, relatively low emissivity (e.g., emissivity 1n a
range ol approximately 0.02 to approximately 0.11 in some
embodiments), and having a tendency to maintain these
properties despite exposure to a variety of environmental
conditions over several years.

In some embodiments, metal layer 920A may be imple-
mented as one or more layers disposed on cover 910A (e.g.,
disposed directly on cover 910A and/or on top of one or
more 1ntermediate layers and/or structures). In some
embodiments, metal layer 920A may be implemented by a
plurality of sublayers of different metals, each of which may
have beneficial characteristics to permit the multi-layered
implementation to achieve improved performance over a
single layer implementation using a single type of metal.

For example, a copper sublayer may be provided at low
cost which exhibits high thermal conductivity and afhxes
well to plastic. Such a copper sublayer may oxidize rapidly
to a high emissivity and thus may be coated in some
embodiments. As another example, a nickel sublayer may be
provided which maintains low emissivity even after oxida-
tion. As another example, a gold sublayer may be expensive
to deposit 1 thick layers and may not athix well to plastic,
but exhibits low emissivity and generally resists oxidization.
Thus, by implementing metal layer 920A as multiple sub-
layers, metal layer 920A may exhibit various advantages
associated with different types of metals, while also com-
pensating for various performance tradeolls associated with
particular types of metals.

In this regard, FIG. 12E illustrates a cross section of
housing 120A taken at line 12E-12E of FIG. 12B 1n accor-
dance with an embodiment of the disclosure. In FIG. 12E,
metal layer 920A 1s implemented as a plurality of sublayers
on cover 910A. In this 1llustrated embodiment, metal layer
920A may include: a copper sublayer 922 (e.g., a base
sublayer) disposed on cover 910A having a thickness of
approximately 10 um (e.g., 1n a range of approximately 4 um
to approximately 16 um); a nickel sublayer 924 (e.g., an
intermediate sublayer) having a thickness of approximately
6 um or 6.5 um (e.g., 1n a range of approximately 2.5 um to
approximately 10.5 um) which also may be thicker to
improve the performance of metal layer 920A 1n providing
clectromagnetic interference shielding further described
herein; and/or a gold sublayer 926 (e.g., a top sublayer)
having a thickness of approximately 0.1 um (e.g., 1n a range
of approximately 0.05 um to approximately 0.15 um) or 1n
a range ol approximately 0.1 um to approximately 3 um.

As shown 1 FIGS. 12B-D, metal layer 920A may be
implemented to extend at areas 950A over a lip of cover
910A and onto an outer surface of cover 910A. Areas 950A
may be used, for example, to electrically connect metal layer
920A to one or more electrical connections 1110 (e.g., pads,
see FIGS. 10A-C and 11A).

Similarly, as shown 1n FIGS. 12A-D, conductive traces
930A may be implemented to extend at areas 960A over a lip
of cover 910A and onto an outer surface of cover 910A.
Areas 960A may be used, for example, to electrically
connect one or more conductive traces 930A to one or more
clectrical connections 1108 (e.g., pads, see FIG. 11A).

Electrical connections 1108 and 1110 may be used for
various purposes including, for example, grounding, pro-
duction assembly evaluation, operation (e.g., to transmit
and/or receive electrical signals between various compo-
nents), and/or other purposes as appropriate. In some
embodiments, conductive epoxy or solder may be provided
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to secure and electrically connect areas 950A and/or 960A to
one or more electrical connections 1110 and/or 1108, respec-
tively.

In some embodiments, housing 120A may be manufac-
tured 1n a manner that permits conductive traces 930A
and/or other components to be included 1 or on housing
120A. For example, conductive traces 930A may be manu-
factured as part of metal layer 920A. In this regard, con-
ductive traces 930A may be ethiciently provided with metal
layer 920A during a metalization operation, and then elec-
trically 1solated from the remainder of metal layer 920A by
appropriate msulating material or voids. Moreover, by pro-
viding conductive traces 930A as part of a metalization
process for metal layer 920A, the overall cost of housing
120 A may be reduced over conventional approaches using
discrete wires/cables to provide electrical connections.

For example, 1n the embodiment 1llustrated 1n FIG. 12E,
conductive traces 930A have been formed as part of a

metallization process for metal layer 920A using the same
sublayers 922, 924, and 926. Voids 1n areas 940A may be

formed, for example, by masking cover 910A during for-
mation of metal layer 920A, etching area 940A after for-
mation, and/or other appropriate techniques.

In some embodiments, housing 120A may be a molded
interconnect device (MID) manufactured 1n accordance with
appropriate injection molding techniques. In this regard,
housing 120A may be implemented with electrical connec-
tions (e.g., electrical connections 126 described herein or
others as appropriate).

In some embodiments, various components may be par-
tially or tully embedded (e.g., implanted, formed, or other-
wise provided) i housing 120A, or mounted on appropriate
interior or exterior surfaces of housing 120A using such
manufacturing techniques. For example, as shown in FIGS.
12A-C, a temperature measurement component 980 (e.g., a
thermistor, temperature diode, and/or other appropriate com-
ponent) may be provided. Temperature measurement com-
ponent 980 may also be electrically connected to one or
more conductive traces 930A and/or electrical connections
126. As a result, temperature measurement component 980
may provide signals used to accurately measure tempera-
tures associated with housing 120A. Such temperatures may
include, for example, temperatures of housing 120A itsell,
temperatures ol cavity 912A, temperatures ol components
disposed 1n cavity 912A, and/or other related temperatures.

For example, signals from temperature measurement
component 980 may be carried by conductive traces 930A
and/or electrical connections 126 from the walls of housing
120A or cavity 912 A to appropriate components external to
housing 120A and/or appropriate components of infrared
imaging module 100 for processing. Such temperature mea-
surements may be used to more accurately determine radia-
tion contributions from out-of-field sources, improve the
thermographic accuracy of the infrared sensor assembly
128, and perform various non-uniformity correction pro-
cesses such as supplemental flat field corrections and/or to
correct for out-ot-field radiation. Temperature measurement
component may be implemented 1n the same or similar
fashion for housings 12B-D described herein.

FIGS. 14A-G 1llustrate several views of another imple-
mentation of housing 120 (denoted 120C) in accordance
with various embodiments of the disclosure. FIG. 14H
illustrates a cross section taken at line 14H-14H of FIG. 14G
in accordance with an embodiment of the disclosure. FIG.
141 1llustrates a cross section taken at line 141-141 of FIG.
14G 1n accordance with an embodiment of the disclosure.
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As shown, housing 120C includes a cover 910C, a cavity
912C, a threaded aperture 122C, a metal layer 920C, con-
ductive traces 930C, areas 940C, areas 950C, and areas
960C which may be used in the same and/or similar fashion
as corresponding portions of covers 920A-B described
herein. Housing 120C also includes external conductive
traces 1400 which may be used as fiducial markers and/or
clectrical connections further described herein.

By providing metal layers 920A-C on interior and/or
exterior surfaces of covers 910A-C, various problems asso-
ciated with conventional inifrared imaging systems may be
substantially reduced. For example, conventional systems
may experience reduced thermographic accuracy and may
exhibit low spatial frequency non-uniformity resulting from
undesired external radiation, such as out-of-field radiation
that 1s received from a location outside a field of view of a
target scene desired to be imaged, and/or received from
various components of such systems.

These undesired external radiation eflects may be sub-
stantially reduced in infrared imaging module 100 by the
low emissivity of metal layers 920A-C. In particular, the low
emissivity ol metal layers 920A-C may reduce the effects of
out-of-field radiation received by infrared sensor assembly
128 by reducing the power emitted by housings 120A-C
toward infrared sensor assembly 128.

In this regard, the power emitted by a surface may be
expressed as W(A,T)*e, where A 1s the wavelength of
inifrared radiation, T 1s the temperature of the surface, and ¢
1s the emissivity of the surface. Thus, the emitted power may
be considered a linear function of the emissivity.

Metal such as gold has an emissivity of approximately
0.02, nickel has an emissivity 1n a range of approximately
0.05 to approximately 0.11, and aluminum has an emissivity
in a range of approximately 0.05 to approximately 0.09, all
of which may be substantially less than that of covers
910A-C (e.g., having an emissivity 1n a range ol approxi-
mately 0.8 to approximately 0.95 1n the case of plastic or
similar material). Accordingly, considering the emissivities
discussed above, power emitted from metal layers 920A-C
may be approximately one tenth of that emitted from covers
910A-C.

Thus, with metal layers 920A-C present, less out-oi-field
radiation (e.g., power) 1s received by infrared sensor assem-
bly 128 1n response to temperature changes 1n covers
910A-C (e.g., an approximately 90% reduction in some
embodiments). The reduced power emitted by metal layers
920A-C 1n comparison to covers 910A-C results 1n corre-
sponding smaller output changes experienced by infrared
sensor assembly 128 in response to such radiation (e.g.,
tewer elflects of out-of-field radiation will be represented 1n
image frames captured by infrared sensor assembly 128). As
a result, infrared sensor assembly 128 may be operated with
greater thermographic accuracy, as there 1s less need to
compensate for out-of-field radiation when performing tem-
perature measurements of objects 1n a target scene. In
addition, the reduced amount of radiation emitted by metal
layers 920A-C 1n comparison to covers 910A-C may result
in 1nirared sensor assembly 128 exhibiting less low spatial
frequency non-uniformity. Also, by reducing the radiation
received by infrared sensor assembly 128, possible errors in
estimating contributions of out-oi-field radiation may be
correspondingly reduced. As a result, infrared sensor assem-
bly 128 may be operated with improved thermographic
accuracy and uniformity.

Metal layers 920A-C may be used to improve the thermal
conductivity of infrared imaging module 100 and thus
reduce additional problems associated with conventional
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infrared imaging systems. In this regard, conventional sys-
tems may experience non-uniform heating (e.g., hot spots)
from various components (e.g., mounted mside or outside a
housing) and/or various external heat sources. As a result,
the temperature distribution across such systems may vary
significantly, especially as various components are selec-
tively switched on and off. If left uncorrected, non-uniform
heating of a housing may result in low spatial frequency
non-uniformities exhibited at the sensors.

Such non-uniform heating effects may be substantially
reduced 1n infrared imaging module 100 by the high thermal
conductivity of metal layers 920A-C. Covers 910A-C may
be implemented with a material (e.g., comprised substan-
tially of plastic and/or other material) having relatively low
thermal conductivity (e.g., also a relatively slow thermal
time constant). However, by providing metal layers 920A-C
with a higher thermal conductivity (e.g., also a faster thermal
time constant) than covers 910A-C, heat may be more
uniformly distributed around infrared sensor assembly 128
and thus reduce the detrimental eflects of non-uniform
heating, especially where infrared imaging module 100 1s
used 1n close proximity to other components, such as in
personal electronic devices.

In addition, the high thermal conductivity of metal layers
920A-C may permit components of infrared imaging mod-
ule 100 to be more ellectively cooled by convection. In this
regard, heat generated by infrared sensor assembly 128 and
processing module 160 may be received by the various
surfaces of metal layers 920A-C and passed to housings
120A-C which provides a large surface area for convection
cooling. As a result, temperature variations in housings
120A-C may be reduced to allow for more accurate tem-
perature measurements ol housings 120A-C (e.g., by tem-
perature measurement component 980). In some embodi-
ments, the increased heat flow 1n housings 120A-C permits
inirared imaging module 100 to achieve a lower steady state
operating temperature which improves the dynamic range of
infrared sensors 132 and the reliability of infrared imaging
module 100.

Metal layers 920A-C may also be used to provide an
clectromagnetic mterference (EMI) shield 1n a manner that
overcomes several problems associated with conventional
approaches. In this regard, conventional systems may utilize
EMI shields implemented as separate structures that must be
positioned over various components for shielding. Such
structures occupy valuable space, reduce convective cool-
ing, and involve additional assembly costs, all of which
make them poorly suited to small form factor applications.

These drawbacks may be substantially reduced by metal
layers 920A-C. In some embodiments, metal layers 920A-C
may be grounded (e.g., at areas 950A and 9350C as dis-
cussed) and operate as an EMI shield. In particular, metal
layers 920A-C may operate as a shield to substantially
attenuate EMI emitted by infrared sensor assembly 128,
processing module 160, and/or various components
enclosed by housings 120A-C to thus shield components of
host device 102 and/or an external environment from the
EMI and reduce possible interference. Metal layers 920A-C
may also operate as a shield to substantially attenuate
external EMI (e.g., EMI 1incident on covers 910A-C) to
shield infrared sensor assembly 128 and/or various compo-
nents enclosed by housings 120A-C.

Thus, 1n contrast to conventional EMI shields, metal
layers 920A-C eflectively provide a compact EMI shield
integrated with housings 120A-C that does not occupy
additional external space and does not require the fitting of
additional external components (e.g., thus reducing materi-
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als and assembly costs). In addition, as discussed herein 1n
some embodiments, metal layers 920A-C may actually
improve the cooling of infrared imaging module 100.

As discussed, housing 120C includes external conductive
traces 1400 which may be used as fiducial markers. For
example, as shown 1 FIGS. 14A and 14G, conductive traces
1400 include pads 1402 which include several substantially
L-shaped features as fiducial markers 1404 (e.g., at several
corners of pads 1402). Pads 1402 also include fiducial
markers 1406 (e.g., chamiered corners) which may be
distinguished from fiducial markers 1404 when analyzed by
an 1mage processing system. Such fiducial markers 1404
and/or 1406 may be used to determine the alignment of
housing 120C as 1t 1s assembled with other portions of
infrared imaging module 100.

A machine-based assembly process may use one or more
cameras (or other imaging devices) to capture images of
pads 1402 during assembly of infrared imaging module 100
to determine the alignment of housing 120C relative to other
components using fiducial markers 1402. For example, FIG.
15 illustrates an alignment technique used to assemble
inirared imaging module 100 1n accordance with an embodi-
ment of the disclosure. In FIG. 15, housing 120C (e.g., with
lens barrel 110 preinstalled therein) 1s ready to be installed
on base 150 where it will enclose infrared sensor assembly
128 (e.g., which 1s shown 1nstalled on base 150).

In order for infrared imaging module 100 to provide
accurate 1mages, it 1s preferable that infrared sensor assem-
bly 128 and lens barrel 110 be precisely aligned such that a
center 1510 of the infrared sensor assembly 128 (e.g.,
corresponding to the center of the array of infrared sensors
132 provided thereby) be aligned with an optical axis 1512
of lens barrel 110. To facilitate this alignment, a camera
1502 (e.g., visible, infrared, or other type of camera) cap-
tures 1mages ol a top surface of housing 120C as 1t 1s
positioned relative to infrared sensor assembly 128. Such
captured 1mages may be received and analyzed by an
appropriate processing system 1520 to determine the current
alignment of housing 120C relative to infrared sensor
assembly 128. In this regard, processing system may use
fiducial markers 1404 and/or 1406 1n the captured images to
determine the alignment of housing 120C relative to infrared
sensor assembly 128.

Accordingly, housing 120C, infrared sensor assembly
128, and/or base 150 may be appropriately repositioned by
alignment components 1522 (e.g., actuators, mechanical
devices, electromechanical devices, and/or others) and addi-
tional 1mages may be captured in an iterative fashion until
housing 120C 1s accurately aligned with infrared sensor
assembly 128. Housing 120C may then be 1nstalled on base
150 as further described herein.

Although fiducial markers 1404 and 1406 are shown on
the top surface of housing 120C in FIG. 15, 1t 1s contem-
plated that fiducial markers may be provided on a bottom
surface of housing 120C. In this regard, a camera 1504 (e.g.,
visible, infrared, or other type of camera) may capture
images ol a bottom surface of housing 120C. For example,
1n some embodiments, camera 1504, base 150, and/or infra-
red sensor assembly 128 may be implemented to permit
camera 1504 to capture images of fiducial markers on the
bottom surface of housing 120C while camera 1504 1s
positioned under base 150 and/or under infrared sensor
assembly 128.

Although fiducial markers 1404 and 1406 implemented
by pads 1402 on a top surface of housing 120C have been
described, other fiducial markers are also contemplated. For
example, FIGS. 16 A-C 1llustrate several views of a housing
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120D having fiducial markers 1604 that are positioned at
other locations on top and bottom surfaces of a housing
120D.

In some embodiments, L-shaped features such as those of
fiducial markers 1404 and 1604 may be preferably used, as
such shapes may be readily identified and distinguished
from other features (e.g., chamiered corners 1406) when
analyzed by various machine vision systems (e.g., such as
processing system 1520). However, fiducial markers of any
desired shape (e.g., dots, crosshairs, or other shapes) may be
used 1n other embodiments. In addition, fiducial markers
may be physically implemented 1n any desired fashion such
as conductive traces, paimted markers, etched markers,
molded markers, and/or others. Where appropriate, the vari-
ous alignment techmques discussed with regard to the
alignment of housing 120C may be used to align lens barrel
110 relative to housing 120C and/or to align shutter 1700
(further discussed herein) relative to housing 120C/lens
barrel 110.

As discussed, conductive traces 1400 may also be used to
provide electrical connections. As shown 1n FIGS. 14A-D,
conductive traces 1400 include pads 1408 and areas 1410
that are electrically connected to pads 1402. Thus, when
housing 120C 1s installed on base 1800 (see base 1800
provided by a circuit board in FIGS. 18 and 19A-B),
conductive traces 1400 may pass electrical signals (e.g.,
control signals, data signals, power, and/or other types as
appropriate) between electrical connections 1802 (e.g.,
pads) of base 1800 and components connected to pads 1402
(e.g., a shutter 1700 further discussed herein). Conductive
traces 1400 may connect to electrical connections of base
150, circuit board 170, socket 104, and/or other components
where appropriate in various installations.

FIG. 17 1llustrates a shutter 1700 that may be installed as
part ol infrared 1maging module 100, FIG. 18 illustrates
shutter 1700 positioned for assembly as part of infrared
imaging module 100, and FIGS. 19A-B illustrate various
views of infrared imaging module 100 with shutter 1700
shown 1n semi-transparent form to illustrate contacts 1702
engaged with pads 1402 on an external surface of housing
120C 1n accordance with various embodiments of the dis-
closure.

Shutter 1700 includes contacts 1702 that may engage with
pads 1402 of housing 120C when shutter 1700 1s installed as
part of infrared imaging module 100. In some embodiments,
contacts 1702 may be compression contacts (e.g., spring
contacts) configured to be biased against pads 1402 when
shutter 1700 1s 1nstalled on housing 120C (see FIGS. 19A-
B). In other embodiments, contacts 1702 may be 1mple-
mented 1n other appropriate forms and/or may be soldered or
otherwise connected to pads 1402.

Shutter 1700 also includes a recess 1704 configured to

receive lens barrel 110 and an external ring 1810 of housing
120C (with threaded aperture 122C disposed therein) as

shutter 1700 1s installed onto housing 120C. Shutter 1700
also includes an orientation groove 1706 configured to
receive an orientation tab 1808 of housing 120C to align
shutter 1700 relative to housing 120C.

FIG. 20 illustrates a process for manufacturing infrared
imaging module 100 1n accordance with an embodiment of
the disclosure. Although particular operations are 1dentified
in FIG. 20, fewer or greater numbers of operations may be
performed as desired in accordance with appropriate manu-
facturing techmniques. The operations may be reordered
where appropriate for the manufacture of desired embodi-
ments of iirared imaging module 100. Although FIG. 20

will be described primarily with regard to housing 120C, the
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same or similar operations may be performed with other
housings described herein, or vanations thereof.

At operation 2010, cover 910C 1s provided. In some
embodiments, operation 2010 may include forming cover
910C using MID techmques to partially or fully embed
various electrical connections 126 and/or components (e.g.,
temperature measurement component 980 or others) within
cover 910C. In addition to and/or in the alternative, com-
ponents may be attached and/or connected 1n other opera-
tions of FIG. 20.

At operation 2015, metal layer 920C 1s provided. In some
embodiments, operation 2015 may be performed by metal-
1zing surtaces of cover 910C as part of a MID manufacturing
process (e.g., as part of operation 2010), thus saving cost and
time. In some embodiments, metal layer 920C may be
formed as a single layer and/or several sublayers (e.g.,
sublayers 922, 924, 926, and/or others) in accordance with
appropriate metalization techniques. In some embodiments,
cover 910C may be appropriately masked during operation
2015 to define conductive traces 930C and/or areas 940C. In
this regard, conductive traces 930C may be formed as
portions of metal layer 920C during operation 2015. In other
embodiments, conductive traces 930C and/or areas 940C
may be provided 1n other operations.

The techniques used to provide conductive traces 930C
(e.g., 1n operations 2010 and/or 2015) may be used to
provide conductive traces 1400. For example, an external
metal layer may be provided (e.g., see external metal layer
920B of FIG. 13), or cover 910C may be appropriately
masked to provide conductive traces 1400.

At operation 2020, conductive traces 930C are provided
(e.g., iI not already provided in operation 2015). In some
embodiments, operation 2020 may include etching and/or
otherwise removing portions of metal layer 920C to expose
areas 940C and thus define conductive traces 930C from
metal layer 920C. In other embodiments, conductive traces
930C may be metal that 1s separately provided in operation
2020. For example, portions of metal layer 920C may be
removed 1 areas 940C and also in areas designated to
receive conductive traces 930C. One or more metal layers
for conductive traces 930C may then be provided 1n appro-
priate removed areas between existing portions of metal
layer 920C.

In some embodiments, operation 2020 may also include
isulating (e.g., electrically 1solating) conductive traces
930C from metal layer 920C (e.g., if not already performed
in operation 2015). This may include, for example, main-
taining voids in areas 940C, providing isulating material in
areas 940C, substantially or completely surrounding con-
ductive traces 930C with msulating matenial, and/or other
appropriate mnsulating techmiques. Also 1 operation 2020,
the techniques used to provide conductive traces 930C may
be used to provide conductive traces 1400.

At operation 2025, one or more components are attached
to housing 120C and/or connected to conductive traces 930C
and/or conductive traces 1400. For example, 1n one embodi-
ment, temperature measurement component 980 may be
connected to conductive traces 930C and mounted on an
interior surface of housing 120C. In some embodiments, one
or more components (e.g., shutter 1700) may be connected
to conductive traces 1400 1n subsequent operation 2070
(further discussed herein).

At operation 2030, lens barrel 110 1s screwed into
threaded aperture 122C provided by housing 120C. In other
embodiments, lens barrel 110 may be attached to housing
120C 1n operation 2030 using other techniques (e.g., epoxy,
frictional engagement, and/or others). In some embodi-
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ments, operation 2030 may result in the generation of
particulates (e.g., caused by Iriction and/or engagement of
lens barrel 110 with threads of aperture 122C). Accordingly,
at operation 2035, such particulates may be removed (e.g.,
by blowing air or other gases on housing 120C, lens barrel
110, and/or other components).

At operation 2040, components of infrared imaging mod-
ule 100 intended to reside within cavity 912C are provided.
For example, 1n some embodiments, operation 2040 may
include manufacturing or otherwise providing infrared sen-
sor assembly 128 and/or other components of infrared
imaging module 100.

At operation 2045, housing 120C 1s aligned relative to
inirared sensor assembly 128 and/or base 150/1800 using
various fiducial markers 1404, 1406, and/or 1604 as
described herein.

At operation 2050, housing 120C 1s moved toward base
150/1800 (and/or base 150/1800 may be moved toward
housing 120C) to substantially or completely enclose the
components previously provided in operation 2040. In some
embodiments, operation 2050 may 1nclude positioning infra-
red sensor assembly 128 and housing 120C relative to each
other such that housing 120C at least substantially encloses
inirared sensor assembly 128 and such that metal layer 920C
(disposed on various interior surfaces of cover 910C) faces
inirared sensor assembly 128. For example, cover 910C may
be lowered over infrared sensor assembly 128. As another
example, infrared sensor assembly 128 may be inserted into
cavity 912C.

At operation 20355, housing 120C 1s attached to base
150/1800 (e.g., using non-conductive epoxy). At operation
2060, housing electrical connections (e.g., areas 950A and
960A of housing 120A; and areas 950C, 960C, and 1410 of
housing 120C) are attached (e.g., using solder or conductive
epoxy) to appropriate electrical connections of base 150/
1800 (e.g., electrical connections 1108 and 1110 of base 150;
and electrical connections 1802 of base 1800).

At operation 2065, shutter 1700 1s aligned relative to
housing 120C using orientation tab 1808, orientation groove
1706, fiducial markers 1404, and/or fiducial markers 1406.
At operation 2070, shutter 1700 1s moved toward housing
120C (and/or housing 120C may be moved toward shutter
1700) which brings contacts 1702 into engagement with
pads 1402 of housing 120C. As discussed, contacts 1702
may be compression contacts that are biased against pads
1402 when shutter 1700 1s installed on housing 120C (see
FIGS. 19A-B). Also at operation 2070, lens barrel 110 and
external ring 1810 are received by recess 1704, and orien-
tation tab 1808 is received by orientation groove 1706. At
operation 2075, shutter 1700 1s attached to housing 120C
(e.g., using epoxy and/or other appropriate techniques).

Thus, following operation 20735, an assembled infrared
imaging module 100 may be provided for installation 1n a
device. In this regard, at operation 2080, infrared 1imaging
module 100 1s engaged with socket 104, for example, 1n
accordance with various techniques described herein. In
some embodiments, operation 2080 may include inserting
infrared imaging module 100 1nto socket 104 of host device
102 such that housing 120C engages with socket 104. Other
installation techniques may also be used.

Other operations may be performed to manufacture inira-
red imaging module 100. For example, 1n some embodi-
ments, housing 120 may be formed around various compo-
nents (e.g., inirared sensor assembly 128) during 1its
manufacture.

Other embodiments are also contemplated. For example,
although metal layers 920A-C have been primarily
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described as being on one or more interior surfaces of covers
910A-C, one or more appropriate metal layers may be
provided on various interior and/or exterior surfaces of
covers 910A-D as may be desired to further realize the
various emissivity, conductivity, shielding, and other advan-
tages provided by metal layers 920A-C.

Where applicable, various embodiments provided by the
present disclosure can be implemented using hardware,
software, or combinations of hardware and software. Also
where applicable, the various hardware components and/or
soltware components set forth herein can be combined 1nto
composite components comprising soltware, hardware, and/
or both without departing from the spirit of the present
disclosure. Where applicable, the various hardware compo-
nents and/or software components set forth herein can be
separated nto sub-components comprising soitware, hard-
ware, or both without departing from the spirit of the present
disclosure. In addition, where applicable, it 1s contemplated
that software components can be implemented as hardware
components, and vice-versa.

Soitware 1n accordance with the present disclosure, such
as non-transitory instructions, program code, and/or data,
can be stored on one or more non-transitory machine read-
able mediums. It 1s also contemplated that software 1denti-
fied herein can be implemented using one or more general
purpose or specific purpose computers and/or computer
systems, networked and/or otherwise. Where applicable, the
ordering of various steps described herein can be changed,
combined into composite steps, and/or separated nto sub-
steps to provide features described herein.

Embodiments described above illustrate but do not limat
the mvention. It should also be understood that numerous
modifications and variations are possible in accordance with
the principles of the imnvention. Accordingly, the scope of the
invention 1s defined only by the following claims.

What 1s claimed 1s:

1. An apparatus comprising:

a housing adapted to receive an infrared sensor assembly

comprising a plurality of infrared sensors configured 1n
a Tocal plane array to capture thermal 1mages of a target
scene, the housing comprising:

a cover comprising a majority of non-metal matenal;

a metal layer with disposed on a majority of interior

and/or exterior surfaces of the cover; and

wherein the metal layer exhibits a higher thermal con-

ductivity than the cover which reduces non-uniform
heating of the infrared sensor assembly, wherein the
metal layer 1s adapted to attenuate electromagnetic
interference emitted by the infrared sensor assembly
and shield the infrared sensor assembly from electro-
magnetic mterference incident on the cover.

2. The apparatus of claim 1, wherein the metal layer 1s
disposed on a majority of the interior and/or exterior sur-
faces of the cover, wherein the cover 1s comprised of a
majority of non-metal material.

3. The apparatus of claim 1, wherein the metal layer
exhibits a lower emissivity than the cover which reduces
ellects of out-oi-field radiation on 1mage frames captured by
the infrared sensor assembly, wherein the cover exhibits an
emissivity 1n a range of 0.8 to 0.93, wherein the metal layer
exhibits an emissivity in a range of 0.02 to 0.11.

4. The apparatus of claim 1, wherein the metal layer
COmprises:

a copper sublayer having a thickness 1n a range of 4 um

to 16 um;

a nickel sublayer having a thickness 1n a range of 2.5 um

to 10.5 m; and
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a gold sublayer having a thickness in a range of 0.05 um

to 0.15 um.

5. The apparatus of claim 1, wherein the housing com-
prises at least one fiducial marker on a surface of the cover
and adapted to be used to align the housing with the infrared
sensor assembly.

6. The apparatus of claim 1, wherein the housing com-
prises a conductive trace electrically 1solated from the metal
layer, wherein the conductive trace 1s at least partially
disposed on a surface of the cover, wherein the conductive
trace 1s adapted to electrically connect to an external com-
ponent.

7. The apparatus of claim 6, wherein the conductive trace
comprises a portion of the metal layer electrically 1solated
from other portions of the metal layer.

8. The apparatus of claim 6, wherein the housing 1s a
molded interconnect device (MID), wherein the conductive
trace 1s at least partially withuin at least one wall of the
housing.

9. The apparatus of claim 6, wherein the conductive trace
1s adapted to provide an electrical connection from an
interior cavity enclosed by the housing to an exterior of the
housing, the apparatus further comprising a temperature
measurement component electrically connected to the con-
ductive trace and adapted to be used to determine a tem-
perature associated with the housing.

10. The apparatus of claim 6, wherein the conductive trace
comprises at least one fiducial marker adapted to be used to
align the housing with the infrared sensor assembly.

11. The apparatus of claim 10, wherein the fiducial marker

comprises at least one of an L-shaped feature and/or a
chamiered comer.
12. The apparatus of claim 10, wherein the apparatus 1s an
inirared camera module comprising:
the housing;
a lens barrel installed 1n the housing;
the inirared sensor assembly;
the external device implemented as a shutter; and
a base, wherein the housing 1s mounted on the base and
the conductive trace 1s 1n electrical contact with the
base, wherein the conductive trace 1s adapted to pass an
clectrical signal between the shutter and the base.
13. A method comprising:
providing a cover comprising a majority of non-metal
material;
metalizing a majority of interior and/or exterior surfaces
of the cover to provide a metal layer;
wherein the cover and the metal layer comprise a housing;
wherein the housing 1s adapted to receive an inirared
sensor assembly comprising a plurality of infrared
sensors configured in a focal plane array to capture
thermal 1images of a target scene; and
wherein the metal layer exhibits a higher thermal con-
ductivity than the cover which reduces non-uniform
heating of the infrared sensor assembly when the
infrared sensor assembly 1s enclosed by the housing,
wherein the metal layer 1s adapted to attenuate electro-
magnetic interference emitted by the infrared sensor
assembly and shield the infrared sensor assembly from
clectromagnetic interference incident on the cover
when the inifrared sensor assembly 1s enclosed by the
housing.
14. The method of claim 13, wherein the metal layer 1s
disposed on a majority of the interior and/or exterior sur-
faces of the cover, wherein the cover 1s comprised of a

majority of non-metal material.
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15. The method of claam 13, wherein the metal layer
exhibits a lower emissivity than the cover which reduces
ellects of out-oi-field radiation on 1image frames captured by
the infrared sensor assembly when the infrared sensor
assembly 1s enclosed by the housing, wherein the cover
exhibits an emissivity 1n a range of 0.8 to 0.95, wherein the
metal layer exhibits an emissivity 1n a range of 0.02 to 0.11.

16. The method of claam 13, wherein the metalizing
COmMprises:

providing a copper sublayer having a thickness 1n a range

of 4 uym to 16 um;

providing a nickel sublayer having a thickness in a range

of 2.5 um to 10.5 um; and

providing a gold sublayer having a thickness in a range ot .

0.05 um to 0.15 pum.
17. The method of claim 13, further comprising:
providing at least one fiducial marker on a surface of the
cover; and
aligning the housing with the infrared sensor assembly
using the fiducial marker.
18. The method of claim 13, further comprising providing
a conductive trace electrically 1solated from the metal layer,
wherein the conductive trace 1s at least partially disposed on
a surface of the cover, wherein the conductive trace is
adapted to electrically connect to an external component.
19. The method of claim 18, wherein the conductive trace
comprises a portion of the metal layer, wherein the providing
the conductive trace comprises electrically 1solating the
conductive trace from other portions of the metal layer.
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20. The method of claim 18, further comprising forming
the housing as a molded interconnect device (MID), wherein
the forming comprises providing the conductive trace at

cast partially within at least one wall of the housing.

21. The method of claim 18, wherein the conductive trace
provides an electrical connection from an interior cavity
enclosed by the housing to an exterior of the housing, the
method further comprising electrically connecting a tem-
perature measurement component to the conductive trace,
wherein the temperature measurement component 1s adapted
to be used to determine a temperature associated with the
housing.

22. The method of claim 18, wherein the conductive trace
comprises at least one fiducial marker adapted to be used to
align the housing with the inirared sensor assembly.

23. The method of claim 22, wherein the fiducial marker
comprises at least one of an L-shaped feature and/or a
chamiered corner.

24. The method of claim 22, further comprising assem-
bling an infrared camera module, the assembling compris-
ng:

screwing a lens barrel into the housing;

aligning the housing with the infrared sensor assembly

using the fiducial marker;

mounting the housing on a base such that the housing

receives the infrared sensor assembly; and
clectrically connecting a shutter to the conductive trace,

wherein the conductive trace 1s adapted to pass an

clectrical signal between the shutter and the base.
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